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Introduction A

The cycloamyloses (cyclodextrins) are capable of forming inclusicn complexesi

with a wide variety of guests ranging from hydrophobic to ionic character.i’z’3 The

mode of ionic complexation is the least studied and understood facet of cyclo-
amylose chemistry. Recently, equilibrium constants for cyclohexaamylose, sometimes
denoted by «-CD, with various inorganic salts were measured.'4 The complexes were
determined to be anionic, and a correlation was observed between the logarithm of
the measured equilibrium constant and the "structure breaking" properties of the
free anions.

Explanations for the driving force for complexation have been as diverse as
the guests which are complexed. Complexation has been attributed to hydrophobic
interactions, hydrogen-bonding, and non-specific van der Waals forces.1 Saenger
and coworkers have postulated a driving force arising from the relaxation of the
conformational strain in the cyclohexaamylose brought about by complexation.s
Crystallographic evidence suggests that the cyclohexaamylose in the complexed state
with both hydrophobic and ionic guests is in a slightly different conformation
than in the uncomplexed state.5’6’7’8

In the present study of the mode of ionic complexation with cycloamylose, the
kinetics and equilibrium constants of complexation were measured for cycloheptaamy-
lose (8-CD) and various inorganic salts. The kinetics of an apparent conformational
change in pure aqueous cycloheptaamylose and cyclohexaamylose were also studied by

means of an ultrascnic absorption relaxation technique.
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with a wide variety of guests ranging from hydrophobic to ionic character.i’z’s The
mode of ionic complexation is the least studied and understood facet of cyclo-
amylose chemistry. Recently, equilibrium constants for cyclohexaamylose, sometimes
denoted by a-CD, with various inorganic salts were measured.'4 The complexes were
determined to be anionic, and a correlation was observed between the logarithm of
the measured equilibrium constant and the "structure breaking" properties of the
free anions.

Explanations for the driving force for complexation have been as diverse as
the guests which are complexed. Complexation has been attributed to hydrophobic
interactions, hydrogen-bonding, and non-specific van der Waals forces.1 Saenger
and coworkers have postulated a driving force arising from the relaxation of the
conformational strain in the cyclohexaamylose brought about by complexation.S
Crystallographic evidence suggests that the cyclohexaamylose in the complexed state
with both hydrophobic and ionic guests is in a slightly different conformation
than in the uncomplexed state.5’6’7’8

In the present study of the mode of ionic complexation with cycloamylose, the
kinetics and equilibrium constants of complexation were measured for cycloheptaamy-
lose (B-CD) and various inorganic salts. The kinetics of an apparent conformational

change in pure aqueous cycloheptaamylose and cyclohLexaamylose were also studied by

means of an ultrasonic absorption relaxation technique.
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Experimental

All solutions were prepared using deionized, redistilled water. Cyclohexaamy-

lose and cycloheptaamylose were purchased from Sigma Chemicals and Aldrich Chemicals

respectively. Both cycloamyloses were purified by literature methnds.9 All in-
organic salts used were reagent grade sodium salts.

The equilibrium constants for the various salt-cycloheptaamylose systems were
measured with a Cary 14 recording uv-vis spectrophotometer equipped with a thermo-
stated cell compartment kept at 25.0+0.1°C. Equilibrium constants for the various

salt-cycloamylose complexes were measured by a spectral competitive inhibition

technique.2 A 4-nitrophenylazo-2'-hydroxy,6'-sul fonaphthalene dye was used in this

study and was prepared by standard azo dye coupling procedures.10

All spectroscopic measurements were made at 510 nm which rorresponds to the
largest difference in extinction coefficient between the free and complexed forms
of the azo dye. Solutions were 0.1 M in salt and 2.0 x 10-5 M in azo dye while
the cycloheptaamylose concentration varied from 0 to 10—2 M, All equilibrium con-
stants were determined at a pH=5.7 and an ionic strength I=0.1 M. At least seven
solutions varying in cycloheptaamylose concentration were used in obtaining the
equilibrium censtart for each anion. The equilibrium constant for the dye-cyclo-
heptaamylose system «+as measured in the same manner as above but with Na2804, a
salt which does not complex, establishing the I1=0.1 M.2

The ultrasonic absorption kinetic mecasurements were made at a temperature of
25.0+0.1°C over the frequency range of 15-205 Mz using a laser acousto-optical

technique.11
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E Results

A

3 Spectrophotometric titrations were made with 4-nitrophenylazo-2*-hydroxy,

f 6'-sulfonaphthalene and cycloheptaamylose in the presence of the sodium salts of

ﬁ (10,, I", SCN", Br’, NO, C1°, and soi' respectively. The equilibrium constant for
3 the dye interacting with cycloheptazmylnse was measured in the absence of added

f electrolyte and also with I=0.1 M (NaZSO4). The two measured equilibrium constants
e were the same within experimental error. Equation 1 describes ‘he interaction of
E such hydrophobic guest.s with cycloheptaamylose.

Ky

i CD + In > CD-In (1)

Here In, CD, and CD'In represent the free dye, free cycloheptaamylose and complexed
form of cycloheptaamylose respectively. 1In Figure 1, curve A represents the data
obtained by plotting the change in absorbance, AA, versus the cycloheptaamylose
concentration. In all cases the dye concentration was constant at 2.0 x 10—S M

A and the cycloheptaamylose varied from 0-10'2 M. The data were plotted using the

Gk

Hildebrand-Benesi relation.12 The equilibrium constant as well as the extinction

.

\%ﬂ coefficient of the fully complexed form of the dye were obtained. Using molar

é% units of concentration, a value KD = 7.7 x 102 was found for the stability constant
éi of the cycloheptaamylose-dye system.

B

‘a' In the spectral competitive inhibition technique2 for determining the equili-

f brium constants for the various salt-cycloheptaamylose systems a high concentration

of inorganic salt is added to various solutions of cycloheptaamylose and dye.

Assuming the lack of occupancy of the cycloheptaamylose binding site by both dye

a2
3 and salt, the equilibrium constants for the various salt-cycloheptaamylose systems
3 are calculated from mass balance relations. The combination of eq 1 with
Sk
Y Ch + X % CD-X

r ()

describes the interactions. The equilibrium constants are

bt .
[RAPRRES O e S 2




-5~

K = CD-1In

D = [CD] [In] (3)
C . = [cp-X1 ’f_f_

X ~[cp] X7 kr (4)

The total concentrations of cycloheptaamylose and salt are conserved according to

the mass balance equations:

Q
(=}
i]

{cp] + [CD-In} + [CD-X"]

<
]

[X"1 + [cD-X7] (5)
The observed absorbance, A, is given byv:

A= 1n [In] + ¢ In [CD* In]

CD- (6)

Since the initial concentrzti.ns of all reagents are known as well as KD, €In? and

€D In the equilibrium constant for the salt cycloheptaamylose system, K, -, can be

X
readily obtained.

Figure 1 shows the effect of 0.1 M Cloi, SCN™, and I on the absorbance of tiie
dye-cycloheptaamylose system. All the ions studied showed similar effects with

the exception of Na2804. Perchlorate anion showed the largest effect. Cramer used

X

equilibrium constant calculated in this manner was in good agreement with that

this method to calculate a K, value for the ClOi-cyclohexaamylose system.2 The

obtained by an independent conductometric techniyue.* Table T contains the cyclo-

heptaamylose results along with earlier data4 for the same ions with cyclohexaamylose.
The calculated KX— values for all anions except SCN  are independent of the

cycloheptaamylose concentration as an equilibrium constant should be. In the case

of SCN , a concentration dependent K,- was chserved, and a value of K,- = 10.0

X X

was obtained at an extrapolated zero concentration of cyvcloheptaamylose. This is
R 4

consistent with a value of KX— = 9.9 calculated by a conductometric tcchnique.”

Figure 1 shows that the asymptotic AA value in the case of SCN is significantly

smaller than the asymptotic AA value measured for the dve-cvcloheptaamylose system

in the presence of other salts. T[lhiocvanate anion at ).1 M showed no effect on
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-neper s’ec2 ém~1 over water for the most concéntrated solution, 0.102 M, to 1 x 107

the absorption spectrum of the pure dye.
The ultrasonic absorption data, expressed as (a/fz) neper see? cp-l, were
analyzed in terms of a single relaxation using the following rélation

1) = a1+ (EE) v @)

where. A denotes the relaxation ampiitude of the process, f is the experimental

frequency, fr is the relaxational trequency, and B is the solvent absorption, Table
I1 shows the experimental ultrasonic absorption relaxation frequencies .and the -cal-
culated paraméters A and B that give the bést fit to. eq 7 for the pure dqueous

¢yclohexaamylose solutions at different concentrations. The raw ultrasonic absorp:

.. tion.data..appear as an .appendix in the microfilm: edition of §b§“599¥ﬁ31' (See

gﬁragfaphrat end of text regarding Supplementary Material.) Thé observed relaxa-
tion fréquency is. independent of the .cohcentration of Cycléhexaamyiqsé and‘ocgurg
at 12.3 MHz with an-‘experimental error of 0.5 MHz. As would he expected from
solutions of incteasing viscosity, the background abSbrpﬁion, P; at high fre-
quencies was above that of pure water alone varying from.an incrocase of 5. x 10"17

17
o2 =1 L o TP
neper sec cm - over water for the 0.05 M solution.

A concentration independent relaxation in pureé aquedus ¢yclohexaamylose can

bé described by -eq. 8

. kl )
cb +  CD! | _
k-1 (8)
for which
=1
= kl + k-l ©)

Since the reciprocal relaxation time equals the sum of two raté constants and is
independent of concentration (eq 9), in thec absence of relaxation amplitude data

at several temperatures the values of k, and k ., can be known only as the sum.

1 1
Such first order processes as reaction 8 arc generally the result of conformational

changes that alter the solvation of the sound absorbing solute.

X3



- 'Aqueous cycloheptaamylose, at 0.016 M, showed no similar absorption over the

‘\a/'t_:;;é’ssjbl'e 15 to 205 MHz freguency range. In this case only the solvent absorption
‘gig observed. The fact that the cyclohéxaamylose showed an absorption whereas the
éyéiqhep;aanYldSe did not may be attributable to the more limited solubility of
v cycibhepfgguxIQSe‘in water. Using the relaxation amplitude calculated for cyclohexa-
amylose, the absorption of cycloheptaamylose, if it were present, at 0.016 ‘M would
 9h1y:bé marginally above that of ‘the solvent and would therefore be immeasurable.
| Ul@tasénic\absorption relaxation frequcnéies for .aqueous cygiohep;agmylose
complexing with Cle}'SCNf;‘NQ;, €17, Br™, and I” aré presented in Table IIT. Raw
‘<u1t?§§§nigwab§o;p§10n da;a appear in an appendix iﬁ*thé:micrdfilm édition of the
journal. In thesé cases only one relaxation was detécted which was éon¢¢ngrationg
depeﬁdéht on both cycloheptaamylose and salt. All the data are -consistent with
the complexation reaction of eq 2. When high concentrations.of salt were: employed
(up to 2M) ?uriabléwbéckgrounds were used to fit the ultrasonic absorption data.
‘Thé B valués decreased below that of pure water s thé concentration of salt in-
' étegséd,‘beihg as low as 17 x 10'17 neper Sec2 ém‘r(ih!thg most -concentrated
'solution of NaBr. This background absorption was consistent with the observed
absorption of only .the 'salt and water alone. This depression of thé sélvent ultra-
sonic¢ absorption by simple electrolytes is attributable to s‘e’z\'vérzfp,l‘fc'actéx‘s,.i‘;5
The individual rate constants. for anionic complexation,. ke ahdvkn,‘weré calcu-
lated using the following equation:
s ke ([cp] + X7 + Kx') (10)

Table 7V contains the rate constants calculated in this manner.
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(piicussion

,Anions bind to cycloheptaamylose as they do :to cfclohexaanyloSe to varying
‘.aagree; depending on the anion. It is evident from the new data that cyclohepta-
>a!y1?se>binds anions roughly as well as does cyclohexaamylose and in the sase general

order of stability. Increasing the ring size by one glucosc residue does not seem

to affect the nature of anionic complexation Zithough ring size does play a sig-
10,3

’nificaﬁt,role in hydrophobic binding. One would expect the relaxationa of

..._-torsional angle strain to be greater in cyclohexaamylose than in cycloheptaamylose

due to the smaller size and thercfore more rigid structure of the former.. Thus. the

equivalence of eéquilibrium constants for cyclohexa- and cy:loheptaamylose introduces
&

some doubt as to the importance of the~confofmationai relaxation as the principal
dxiying4force for ionic guest-host complexation in the cycloamyloses.

A corrélation exists between the order of stability of ‘the complexes and
"siructute breaking" properties of the free anions as has been shown in previous
4

work on salt-cyclohexaamyiose complexes.” A parametér which correlates the ''structure

breaking" properties of the anions is the coefficient of the linear term of the conw
centration dependence of proton nuclear magnetic resonance relaxation rates in agueous.

.salt solutions, B“.l4

{f the logarithm of the equilibrium constant for the various
Salt-gYélqheptaamylose systems is plotted against the B~ value for each anion a gusd

correlation is observed (Fig.2). The line log K - = -12.58" +0.242 is the linear

X
least squares fit of the data with a corrclation coefficient of 0.92. Table I con-
tains the calculated equilibrium constants using the above relation. Tf one compares

‘the. similar correlation found® for cyclohexaamylose, log K- = -26.58" -.75, one

X
finds that the megnitude of the slope texm for cyclohexaamyloce is significantly
larger. This indicates that the salt-cycloamylose equilibrium censtant for cyclo-

hexaamylose is more sensitive to the B values or "structure breaking" effects of

the free anions.
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terizing free indicator to ¢ ¢ the .cmplex “epending upon the depth of

Cb-In
penetration of dye into the cv.loamylose cavity, *he S*N mey be affecting this
penetration depth. In > her words, in the case of SCN the assumption of no simul-
taneous complexation af dye and anion by .v.loheptaamyiose may be invalid. Results
of x-ray studies7 of crys.alline complexes of cvclohexaamvlose suggest the anion is
probably located in the hydrophiii. plane defined by the primary hydroxyl groups.
Hydrophobic guests such as the d,¢ are generally believed to be located within the
hydrophobic cavity.l Since the cavity mav have these two distinct regions, dual
occupancy by different guests could come vt ly oo ur o some cases. Binding sites
for hydrophobic guestes and 1onic cue-ts would ewh hnne their own unique driving
force responsible for complexation.

The rate constants calculated ‘o v cempriexatior, kf’ {see Table IV) are strikingly
similar. All the anions with the eaception ot c105 have roughly the same forward
rate constant. The C10; has a kf thirty times larger than that measured for the
rest of the anions and approaches the Jiffusior controlled limit. The decomplexa-
tion rate constant, kr, ior all the 1ons increases with decreasing equilibrium
constant, again with the exception of .103.

Since Clo; is anomalous with re.pect to kf, the kinetics of complexation of
10; were also studied. Pecsiodate ion reacts oxidatively with such sugars, hence
the kinetics were measurcd rtmmediately after preparcocion of the solutions. A slow
degradation process wa, indeed observed. However, this reaction was slower than
the time necessary to measure the hinetics of compiexation. Since an equilibrium
constant could not be measured, the (orelation between log K and B~ (Fig.2) was
used to calculate an cquilibriur constant for the Ioi-cyuloheptaamylose system,
Ky- (calc) = 15.5. 'The kinetic data obtained demonstrated that 103 has a k.
similar to that obtained fo. 0104.

Since all the kf’s for the inn | oath the exception of CIOS and 10;, are

roughly equal and well below the ol sron contre Vied 1 v, (ume other process
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1$ rate limiting. When log kg is plotted versus reciprocal ufouié’udius' for au‘* o

‘»'these anions no systeutic trend is found suggesting that anion desolvation is not

rite de‘t‘e_gt,i‘n‘ing' for l;f, It should be added. parenthetically that & liuear comlationr ‘

of log. kf, with ‘rediprqc‘aluiwon‘ic radius is well known for :;ilil;;:ly charged gg;,ipns,~
. - . - N ] .' } ‘ i i "

and the present range of anionic radii (3:19A to 1:81A) is quite comparable to.

that required in isovaient cations to convincingly demonstrate that cation desol-

—vvntion is rate liniting i:\ their complexation..

‘The couforutioml relmtion ‘Teported above for pnre aqueous cyclohenuylsoe
‘could occur on"the- same time scalé as a rate liniting confomtlonal change in

cycloheptu-ylose in going: from the. uncomplexed. to thé complexed: state’ ’6’7’8 in all

cases, exc. -pt 0104 and' IO ‘l‘he complexation mechanism. could then be descubed as.

_ ay
-whexe the first equilibrium is achieved very rapidly and uy be described as the

~fqrpg,tipn of a cgngact ion ‘co-plexuand: ‘the nqxt‘ step. invo;vgs the slower rate de-

termining conformational change of the cycloamylose complex. To compire the measured:

~ first order relaxation time of the conformational change of cyéclohexaamylose to the- .

‘ From this and measured values of kf it follows that ko ® 3.410.7 x. 107 sec |

overall second oruur éoupl’e‘xé’tib‘n. rate constant. kf, it is necessary to calculate the

.equilibrium conistant K, for contact ion fqﬁ&:‘iéﬁ gince
Theoretical expressions exist 15 forKe. from which a value 4(. =1, 511:0 15 is calculated.,

"1 \hich

is of the same order of magnitu‘de as the 'r'"l = kl + k-l = 7.7 x 107 sec -t measured

for a conformational change in aqueous cy-lokexaamylose. This similarity favors
the speculation that a conformational change is rate determining in the anion com-
plexation process.

The Clo4
larger radii. They may be capable of forming a straddle type complex with either

and 10; ions may not show this rate limiting behavior bacause of their

conformation of the cycloheptaamylose because these anions are too large to fit into
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the primary (smaller) side of the cycloheptaamylose. .In sich a case a cycioamylose

-conformational changé woiild not be rate limiting for anion compléxation.
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TABLE: I; Stability Constants for Anion-Cycloamylose Complexes

A
3§

Anion.  Cycloheptaamylose. ~ Cyclohexaamylose
oy ii'i(obs)" (calc)® | K, - M*lc
KX ,, Calc X ?

0y 26.7 20.2 28.9
SCN' 9:9% 13.1 187
T 18.0. 17.5 12.4
e . NOG 5.5 - 7.4, 1.4 .
o . 6s ' 5.5 3.5
[+ 2:56 2.3 N¢B.

abetermined by spectrophotometric competitive inhibition study,
bCelculated from the B~ structure breaking parameter correlation.

qCalculated from conductimetric data and originally reported in Refer-
ence 4,
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st 25°%

=14~

1017

6-CbJe, M. £, Mz Np e sec?

A

10'17

2 o

sec 10‘“fhﬁ$«f

0,102 12.01 52,1
0.0714 12,32 39:5
100500 12.66 36.9

aﬂll symbols as defined in the text.

bkqgt mean square deviation.

26.8
24.8
23.0

0.7%
) 0459

Rolaxation Parameters froa Computer Analysis for-Aqueous Cyclchexsamylose . -

~y



L I T e Ty Y
- SES S

TABLE II1: Relaxation Parameters from Computer Analysis for Aqueous CO-plexation

by ciplohqptaaqylose

10t A ws
fhnioile,"F. - {8-CDJe,"M. £, Wiz Nponlsec?  Np ealsec? 10"t
PPERCHLORATE ‘
0,010. 0,0116 18.28 . 22.6 2,7 055
00391 0.0120 - 19.70 . 27.2 20,7 - 073
040252 0,0114 20.56 39.4 21,7 0.79 >
'0.0101 0.0509 26.01 ©20.5 21.7 | 063
I0DIDE
0.017 0.297 346 3341 23.4 1.0
' 10.00972 1.09 11,39 6.1 19.8 0.55
0. 0108. 1,48 . 1661 - 35.5 19.5 1,0, . :
| THIOCYANATE |
0.0116 0.560 4062 192, 21.00 0.59 -
0.0240 1.51 11,20 41.3 21.00 1.0
0.0285 1.92 13.67 4.5 19.97 1.1
BROMIDE
0.0106 0.981 8.04 76.5 20.3 0.81
0.0100 152 12.03 38.5 19.6 0.60
0.0112 1.98. 15.28 23.8 17.3 0.79
NITRATE
0.0102 1.02 8.25 84.8 20.4 0.76
2.00992 1.5. 12.15 44.8 21.0 0.63
0,9103 2.02 16,43 29.0 21.8 0.63
CHLORIDE
0.00971 1.0, 11,94 42,0 20.0 0.54
0.00917 1.49 16.24 22.3 19.6 0.52

311 symbols as defined in the text.

bTi\e subscript zero on concentration denotes total initial concentrations.

c s e
Root mean square deviation,
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TABLE 'IV: Complexation Rate Constants, kg, and Dissociation Rate Constants ’

-16-

for Several Anions and Aqueous Cycloheptaamylose at 25°

Anion kg M sec! k., sec™]

c10; (2.0£0.1)x10° (7.4£2.)x10”
I (6.540.3)x10’ (3.641.)x10°
SCN™ (4.420.2)x10’ (4.421.)x10°
Br (4.5:0.2)x10’ (6.9:1.)x10°
NOj (4.540.2)x10’ (8.2:2.)x10°
1" (5.4+0.3)x10’ (2.1£0.5)x10

k.,

r
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B Figure Captions:
~§' ‘ Fig.1.  Change in sbsorbance, AA, at-a wavelength of 510nm plotted vs. aqueous
. ’ L
3 I cycloheptaamylose conceatration in pH 5.7, 25° solutions that are 2 x

;}~ LO'S,M in 4-nitrophenylazo-2'-hydroxy, 6°-sulfonaphthalene and 0.1 M in

1i£’ ’ sodium :alts of SO%’ (curve A), I~ (B),.C10; (C), SCN™ (D). The hash.
mark iceutified by an w sign is the 2A at infinite cycloheptaawylose
concentration determined from the Hildebrand-Benesi relatioa.

#ig.2. Logarithm of the stability constant Kx- for several aqueous cycloheptaamy-
lose-salt sqlutions vs. values of the B~ "Qtructure breaking" parimeter
fbr'thg several -anions. A least squares straight line has been drawn

with a correlation coefficient of 0.92. (The negé%ivé of B~ values have

been plotted for convenience.)
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APPENDIX I: Experimental Absorption as (m/f2 ) in Np cm'l sec2 for ..queous Cyclo-
hexaamylose at 25°C.
[a-CD], = 0.102 M. [a-CD}o = 0.0714 M. [a-CD]o = 0.0500 M.
1017 (/% expti. 10Y7 (a/ %) exptl. 10'7 (a/ 2 exptl.,
Np o) sec £,MHz Np en”) xec? £,MHz Np cw sec? £,MHz

46,59 15.06 40.63 15.06 38.37 15.05
37.49 25.12 32,55 25.10 30.37 25.10
32.35 35.14 28.98 35,15 27.05 35.14
30.72 45,24 21.74 45.26 26.11 45.24
28.78 55.31 26.56 55.29 25.17 55.29
28.45 65.36 25,91 65.35 24.41 65.32
28,38 75.39 25.84 ‘ 75.36 24.20 75.36
27,71 85.42 25.46 85.42 23.69 85.40
27.41 95.47 25.28 95.47 24,23 95.46
26,96 105.5 25.11 105.5 ‘ 23.60 105.5
26,99 115.5 24,66 115.6 23.56 115.6
27.12 125.6 24,99 125.6 23.17 125.6
26.80 135.6 24.64 135.6 23.25 135.7

26.58 145.7 24.85 145.7 23.28 145.7
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APPENDIX 1I: Experimental Absorpticn as (a/fz) in Np Cll.l sec2 for Aqueous Sodium

Perchlorate and Cycloheptaamylose at 25°C.

[NaC19,1 = 0.0116 F. [NaC10,]. = 0.0120 F. [NaC10,], = 0.0114 F.
[8-CD]o = 0.0101 M. [8-CD]o = 0.0191 M. [8-CD]o = 0.0252 M.
1017 (a/£%) expt1., 1017 (a/ ) expti., 1017 @/£%yexptl.
Np e} sec? £, Mz Np em ! sec? £, Miz Np en sec? £,Miz
35.43 15.21 38.82 15.21 47.75 15.05
29.25 25.37 31.65 25.37 37.56 25.10
26.49 35.53 28.95 35.53 31.08 35.16
25.23 45.77 26.18 45.73 28.44 45.22
23.97 55.89 25.10 55.91 26.93 55.28
23.46 66. 04 24.05 66.08 25..1 65.30
22.83 76.21 23.84 75.30 4. 24 75.35
22.47 86. 38 22.99 96.64 23.65 85.40
22.23 96.54 22.65 106.8 23.51 95.43
22.09 106.7 22.38 117.0 23.21 105.5
| 21.85 116.9 23.98 127.2 22.90 115.5
f : 21.86 127.0 22.21 125.6
| 21.63 137.2




APPENDIX II (con’t):

[NaC104]° = 0.0509 F.

[8-CD]o = 0.0101 M.

Do tec/ H0e3

1017(a/f2)exptl.,

q Np cm 1 sec? £,Miz

o 36.88 15.08

32.84 25.11

o

Ay ,,,??,V;w AL

Y

28.44 35.15
27.01 45,24
o 25.43 55.30

24.36 65.32

5 ’ 23.93 75.37

)
i
'
i
|

23.25 85.41
23.07 95.45

22.67 105.

(3]

22,50 115.5

9 22,35 125.6
.
3F
3 22.08 135.6
\
E 21.84 145.7

L o R T




APPENDIX II (con’t):

[NaC10,]o = 0.0509 F.

[B-CD}, = 0.0101 M.

1017(u/f2)exptl.,

Np cn !

2
sec

f,MHz
36.88 15.08
32.84 25.11
28.44 35.15
27.01 45.24
25.43 55.30
24.36 65.32
23.93 75.37
23.25 85.41
23.07 95.45
22.67 105.5
22.50 115.5
22,35 125.6
22.08 135.6
21.84 145.7




T

APPENDIX II (con't): Experimental Absorption as (a/fz) in Np cm'1 sec2 for Aqueous

Sodium Thiocyanate and Cycloheptaamylose at 25°C.

[NaSCN], = 0.560 F. [NaSCN], = 1.51 F. [NaSCN}, = 1.92 F.
[8-CD]o = 0.0116 M. [8-CD]o - 0.240 M. {8-CD], = 0.0285 M.
1017 (a/£%)exptl ., 10'7 (a/ €% expt1., 10 @/ eHexptts; —————
Np em ! sec? £, Mz Np em ! sec? £,MHz Np en ! sec? £, MHz
37.54 15.07 43.67 15.07 39.13 15.06
27.30 25.12 28.61 25.10 29.89 25.10
24.11 35.14 25.49 35.15 25.21 35.14
23.12 45.25 23.50 45,25 23.62 45.24
22.38 55.27 22.69 55.28 22.36 55.28
21.88 65. 31 22.16 65.30 21./2 65.33
21.77 75.36 21.86 75.36 21.09 75.42
21.53 85.40 21.21 85.41 21.12 95.46
21.45 95.44 21.20 95.45 20. 32 105.5
20.87 105.5 21.27 115.6
20.49 125.6
20.42 135.7
19.72 145.7
20.09 155.8
20.22 165.8
20.34 175.8
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APPENDIX II (con't): Experimental Absorption as (c/fz) in Np cm.1 sec2 for Aqueous

Sodium Iodide and Cycloheptaamylose at 25°C.

[NaI]o = 0.297 F. [Nallo = 1.09 F. [NaIlo = 1.48 F.
[B-CD}, = 0.0197 M. [g-CD]o = 0.00972 M. [B-CD]o = 0.0198 M.
1017 (a/ €% expt1., 107 (a/ %) expt1., 10'7 @/ €%y exptl.,

Np cm-IM;;ci-v» 74;,gﬁ; Np cm_1 sec2 }:ghgﬁiﬂigkp cm.1 sec2 7Hf,MHz
39.23 15.05 36.52 15.06 38.55 15.06
28.28 25.09 27.44 25.10 30.55 25.12
25.58 35.13 24.47 35.14 25.53 35.15
25.53 45.24 22,52 45.20 23.68 45.17
24,14 55.26 21.39 55.26 22.70 55.21
23.69 65.32 20.64 65.29 22.40 65.27
22.52 75.37 20.79 75.35 20.89 75.32
23.04 95.43 20.58 85,32 21.81 85.36
23.15 95.43 20.27 95.37 19.90 95.41
22.53 105.5 20.30 105.4 18.34 105.5
22.25 115.5 20.50 115.4
22,10 125.6 20.28 125.5
22.03 135.6 20.15 135.6

21.93 145.7 20.1" 145.6
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APPENDIX II (con't): Experimental Absorption as (u/fz) in Np cn°1 sec2 for Aqueous

Sodium Bromide and Cycloheptaamylose at 25°C.

[NaBr], = 0.981 F. [NaBr], = 1.52 F. [NaBr}, = 1.98 F.

{B-CD]o = 0.0106 M. [B-CD], = 0.0100 M. [8-CD], = 0.0112 M.

10t @/ exptl., 10 (e/£ 2 exptl., 102 (a/£%)exptl.

Np cm-1 sec2 f,Mliz Np cm'1 sec2 f,MHz Np cm"1 sec2 f,Miz

37.91 15.04 34.54 15.05 34.65 15.03
27.50 25.08 26.67 25.10 26.41 25,11
24,21 35.13 23,51 35.13 21.79 35.11
23.11 45.23 22.62 45,24 20.87 45.23
22.05 55.29 21,55 55.28 20.07 55.29
21.76 65.31 20.72 65.33 19.31 65.31
21.38 75.36 20.58 75.36 19.04 75.37
21,27 85.41 20.40 85.41 18.23 85.42
20.85 95.47 20.31 95.45 17.95 95.47
20.83 105.5 20.08 105.5 17.56 105.5
20.56 115.6 19.95 115.6 17.46 115.6
20.54 125.6 19.66 125.6 16.95 125.6
20.57 135.7 19.75 135.7 17.09 135.7
20.42 145.7 19.57 145.7 16.82 145.7
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APPENDIX II (con'*t): Experimental Absorption as (u/f2 ) in Np cn'l sec2 for Aqueous
Sodium Nitrate and Cycloheptaamylose at 25°C.
[NaNOS]o = 1.02 F. [NaNOS]O = 1.51 F. [NaNOs]o = 2.02 F.
[B-CD]o = 0.0102 M. [8-CD], = 0.00992 M. [8-CD], = 0.0103 M.
%\}ﬂ{a#ﬁz—)exptl. , 107 (/£ expti., 1027 (a/ ) expt1.,
- Np cn ! sec? f,MHz Np en ! sec? £,Miz Np em ! sec? f,MHz

40,26 15.06 38.61 15.95 37.00 15.05
28.78 25.11 30.07 25.10 30.74 25.10
24.82 35.13 25,23 35,14 26.61 35.13
23.55 45.24 24.16 45,24 26.05 45.23
22.70 55.29 23,13 55.29 24,38 55.28
21,98 65.32 22,26 65,31 23.31 65.32
22,00 75.38 22.22 75.37 23.29 75.38
21.68 85,43 22.06 85.41 23.18 85.41
21.38 95.48 21.89 95.46 22.84 95.47
21.18 105.5 21.53 105.5 22.49 105.5
21.19 115.6 21,50 115.6 22.50 115.6
20.87 125.6 21.26 125.6 22.16 125.6
20.65 135.7 21.44 135.7 22.03 135.7
20.44 145.7 21.29 145.7 22,23 145.7
20,27 155.7
20.12 165.8
19.57 175.8

19.48 185.9
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APPENDIX IT (con't): Experimental Absorption as (a/f") in Np cm'1 sec2 for Aqueous

Sodium Chloride and Cycloheptaamylose at 25°C.

‘ [NaCl], = 1.01 F. [NaCl] = 1.49 F.
[B-CD]o = 0.00971 M. [8-CD]o = 0.00917 M.
107 0/ %) expt1., 107 ./ £2yexptl.
l —"_—"‘/’NE‘EIH:I‘—S‘;;?/ f,Mz Np cm"1 sec2 f,MHz
36.16 15.05 31.55 15.04
27.90 25,09 26.15 25.10
24.39 35.13 23.68 35.06
22.38 45,22 21.88 45.24
21.85 55.24 21.27 55.24
. 21.89 65.28 20.74 65.28
20.90 75.33 20.79 75.33
21.06 85.37 20.49 85.38
20.52 95.43 20.40 95.41
20.32 105 4 20.24 105.5
20.41 115.5 20.13 115.4
20.14 125.5 19.81 125.6
' 20.08 135.6 19.90 135.6
; 20.11 145.6 19.35 145.6




